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1 FRurther information orhealth facilities within influenza surveillance system

1.1 Map of influenza surveillance system

From 2010 to 2018 the Centers for Disease Control and Prevention ifCéaGaboration with the

Ministry of Health conductedhfluenza surveillance in Kengieach ofthe largest public health facilities

in the following counties: Kakamega, Siaya, Nyeri, Nakuru, Mombasa, and Nairobi. Influenza surveillance
also took place within refugee camps. The analysis limited todata from the county referral hospitals

(XRH) in Kakamega, Siaya, Nyeri, Nakuru and Monfb@sawhere we were able to define catchment

populations
Kakamega CRF

Nyeri CRH

Siaya CRH
Kenyatta National
Teaching and
Referral Hospital*

Nakuru CRH Mombasa CRH

Additional file 2 figurd: Map of influenza surveillance sites in Kenya. CBRbinty referral hospitafData from Kenyatta National
Teaching and Referral Hospital not included in the analysis.

1.2 Definingthe catchment population
We obtainedKenyan age group specific population density dataHe years 2010 and 20X3). We

plotted each sentinel site on ArcGIS REBusing itdongitude and latitudeAdditional file 2able 1) and

calculatedthe catchment population within a 10 kilometre radius of each health facilitys was



informed by a local study that showed thahety percent of children admitted in a hélalfacility with

symptoms of a febrile illneseeside within 10 kilometres of the health facil{®).

The annual population for each age group was estimated by assuming a constant grovténagen
2010 and 2015. The 2016 2018population was obtained by applying the World Bank annual
population growth estmate (3). We then assumed that onlyZ0% of ill patientsvithin the whole
catchment populatiorequiring hospitalisation were admitted at the county referral hospital, given the
low levels of health care seekif4) and presence of alternative inpatient health facilities within the
community. AlthoughKenyatta National'eaching and Referral Hospitabart of the influenza
surveillance systerrusing dl0-kilometreradius round thidacility to define its catchment populatiae

not appropriate The national hospitaerves a much larggopulation than the other county referral
hospitals in the influenza surveillance systelar this reason, data from Kenyatta Natiomagching

and ReferraHospital was excluded from the model.

1.3 Summary of surveillance ddtam health facilities
For the period 2010 to 2018 there were 24,480 cases of severe aegparatory illness (SARI) identified
across the fivesurveillance sites. Of these cases, 80% (19 b4ddYespiratory samples tested for the

presence of influenza. The influenza virus was ctetg in 8.6% (1,690) of samples tested.
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2 Furtherdetailson the epidemiological model
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Additional file Zigure 3: Epidemiological model of influenza transmisg®nS = susceptible populatide;= first
compartment of the exposaubpulation; B= second compartment of the exposed populatibnfirst
compartment of infectious populatiorf,4 second compartment of the infectious population; R = recovered
population; V = vaccinated population; U =unvaccinated populatienyacane effectiveness_=the force of
infection; = rate of onset of infectiousne$s;= recovery rate, = vaccination rate

The model uses a basic SusceptibigosednfectiousRecovered (SEIR) structure with two E and |
compartments(SEEIIR structe). This was adopted to make thetent and infectious periods gamma
distributed, rather than exponentigb). The differental equations of the transmission model are
provided belowwhile full details of the model are provided in Baguelin, 2013 and van Leeuwen, 2017
(5, 6)
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susceptible population

first compartmentof the exposed population
secondcompartmentof the exposed population
first compartmentof infectious population
second compartmentf the infectious population
recovered population

vaccinated population

unvaccirated population

age class

risk group

the force of infection

rate of onset ofinfectiousess

recovey rate

vaccinaion rate

vaccine effectiveness

(1)



2.1 Age and risk groupings in modelling framework

Additional file Zable1: Age and risk groups in model framework

Data Values Basis
Age groups <lyear Based on age groupings used in Kenyan contact s(ryey

1-5years

6-14years

5-19years

20-49years

X peas
Agespecific susceptibility | <15years Three age groups used to avoid overfitting of data. The age groups were identified over the proceg
profiles 1549years fitting the model to the data.

X p years
Ascertainment probability | <lyear Three age groups used to avoid overfitting of data. The age groups were identified over the proces
age groupings 1-5years fitting the model to the data. These age groupings had least correlation between paraniadert

X g/ears difference in healthcare seekingbaviour between age groups, the best fit of model to the observed

data was obtained by allowing children <1 anfl fears to have their own ascertainment probability
values, rather than maintaining the same susceptibility age groupings.

ThefluEvidenceSynthesis padeallows specification of higlisk groups within age groups. Unfortunately, there were limibationaldata on the proportions of each age
group that were high risk, and thus all individuals were considered equally at sskerfe outcomes



2.2 Data inputs

Additional file Zable2: Assumptions of main data inputs in adapted Baguelin framework

Data

Source

Assumptions

Weekly SARI counts
stratified by age group

KEMRI/CDC influenza surveillance daé4,02018
from Siaya, Kakamega, Nakuru, Nyeri and
Mombasa influenza sentinel surveillance sites

Data adequately represents influenza activity in the country. Data from Kenya
NationalTeaching and Referrblospital was not included because the catchmel,
population of the national referral hospital could not be adequately estimated

Weeklyvirological data
stratified by age group

KEMRI/CDC influeasurveillance data, 2012018
from Siaya, Kakamega, Nakuru, Nyeri and
Mombasa influenza sentinel surveillance sites

As above

Population size by age

2009 population census data projected to the
years under study using the world bank annual
population growth rates

Population growth is uniform across regions and age groups

Contact data by age grouy

()

Contact patterns of rural and serarban Kilifi, Kenyara similar to the rest of
Kenya Contact patterns are constant throughout the year and do not vary
between dry and wet seasons or school terms and school holidays

Monitored population
around each influenza
sentinel surveillance site

World population map density data projected to
the years under study using world bank annual
population growth rates

Population within a 1&ilometreradius of each health facility represents the
catchment population of the health facility. It is informed by Noor, 2003 that
states 90% of admissions witharhealth facility arise from the population within
10 km of the health facility?)

Weekly monitored
population

World population map density data projected to
the years under study using world bank annual
population growth rates

A random value with a minimum value from the expected population at the stg
of the season and a maximum value from the expected population at the end
the season given a uniform increase in population size throughout the year

Vaccineeffectiveness

Published literature

Among those who are effectively vaccinated, protection is assumed to be
completewhereasthose who are not effectively vaccinated carry the same risk
infection as norvaccinated individuals




Additional file Zable3: Data sourceand assumptions for priors in epidemiological model

Data Value Source Notes
1. Ascertainment probability priors
<1 year of age | Log normal distribution; mean l04.856275807SD | Refer to The priors on ascertainment probability are
l0g 0.85064645 Additional file 2 | generated by combining the mean and rang
1-5 years of agg Log normal distribution; mean log¢.913483683, SD| table 5 of the 5 constituent probabilities, i to v given
log 0.85956516 in Additional file Zable4.
*#p years of agg Log normal distribution; mean 16§.319344699, SD
log 0.981261173
2. Susceptibility prior
0-14 years age group| Normaldistribution, mean =0.6,SD=0.1 Assumption
15-49 andx#b0 years age groups No prior provided
3. Transmissibility prior
All ages| Normal distribution, mean = 0.165, SD = 0.055 Assumption Uses the UK values dransmissibility
Baguelin, 2013 (8) but incorpates a SD that
is twice as wide
SD = standard deviation
Additional file 2able4: Data sources and assumptions &scertainment probabilitpriors in epidemiological model
Component of ascertainment probability prior Mean and 95% Source Notes
confidence limit
i. Probability of an infected case developing lower respirat( 0.21(0.140.303) (8) We assume that therobability of severe infection is the
tract (LRT) symptoms same across influenza strains and -$ybes
ii. Probability of a case with LRT being hospitalised
<1 year of age | 0.26(0.1590.396) (4)
1-5 years of agg 0.24(0.140.37) Calculated Based on the data fror#)
%@ years of agg 0.16(0.080.29) 4)
iii. Probability of people within a 10 km radius of the 0.125(0.0%0.2) Assumption
surveillance site being hospitalised at the surveillance site
iv. Probability of being picked up by surveillance officer
0-5 years of age| 0.7(0.60.8) Assumption




X cearg of age

0.5(0.30.7)

Assumption

The assumiion is based on the fact tham ithe
surveillance sites, the surveillance officers aim to recor
every case of SARI, however it is likely that during
weekends/staff changes/staff absence a few cases mal
missed. The robustness of surveillance is assumed to k
0.706ndy 0 Ay OKAf RNBY Mp)i®
older individuals. NB: We later take into account that n¢
all SARI cases are tested when we fit the modelled dat
0KS Ww20aSNBSRYRIIKAG &K &S
the number of positive cases we would expect to see if
cases were tested.

v. Probability of a positive influenza case testing positive

0.55(0.30.8)

Assumption

The assumptiois informed by the Feikia013(9) paper
that showed that approximately 484% of samples that
were positive for influenza by either PCR or serology w
positive by PCR.
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3 Vaccineeffectiveness values for each vaccination peioosnodelled influenza seasons

Northern hemisphere and southern hemisphere vaccine effectiveness (VE) was assumed to be either

good(70% VE) or poqr2% VE) in all target age groups basegublished estnates of vaccine

effectiveness. If VE wasp /%2

unmatched if vaccine effectiveness was <50%.

0 KS @dndiléradye madched to the circulating strain and

Additional file 2able5: Vaccine effectiveness values for each vaccination period for modelled influenza season

Year Subtype Vaccine effectiveness (95% confidence Matched Source
interval) (M) or
Unmatched
(V)

Northern Hemisphere vaccine match to circulating strains
2010/2011 B 50% (1471%) M (10)
2011/2012 A(H3N2) 39% (2352%) U (11)
2013/2014 A(HIN1)pdmO0S 54% (4661%) M (12)
2015/2016 B 55%(44-64%) M (13)
2017/2018 A(HIN1)pdm09 67% (5476%) M (14)
2017/2018 B 42% (2556%) U (14)
Southern hemisphere vaccin@atch to circulating strains
2010 A(H3N2) T K @94%)*c (15)
2011 B T H:  @@&%)*c (15)
2013 B For SARI patients, VE against influenza M (16)

was 76% (95% CI: 54 to 87); For ILI

patients, VE against influenza B was 54

(95% CI: 19 to 75)
2016 A(H3N2) 4% (40-36%) U a7
2018 A(H3N2) 25% (1336%Mh U Uses NH vaccireffectiveness

value for 2017/2018 perio@l4)

* Values shown re@sent VE against alibtypes No vaccine effectivene$¥E)values available fahis period as
such the VE values for the preceding NH vaccine are used

11



4  Further information on the economic evaluation

4.1 Economicvaluationdecision tree

We used an economic evaluation decision tree ttegarise infected individuals as asymptomatic,

symptomaticwith mild illness (upper respiratory tract (URT) infections) or symptomdtitsevere

illness (lower respiratory tract (LRT) infections) basegulished data from influenza challenge studies

(8). Those with mild illness were either seen at an outpatient clinic or were not medically attended,

while patients with severe illness were either hospitalised or Aditthose with mildliness were

assumed to recover, while those with severe illness either recovered or Hiedvalues of the disease

states, and healthcare utilisation events associated with each stage are presethedirain text.

Infected

Asymptomatic

Mild illness (upper
respirratory tract
infections)

Additional file Zigure4: Economic evaluation decision treinfluenza infection and healthcaugilization

Symptomatic

Severe iliness (lower

respiratory tract infectiong

12

Outpatient visit — Recovery
Not medically attended |—— Recovery
Recovery
Hospitalized —
Death
Recovery
Non hospitalized —
Death




4.2 Additionalinputs inthe economic model

Additional file 2able6: Gross domestic product (GDP) per capita valuesdéilzor values and currency exchange thte

Input Value Source

Gross Domestic Product (GDP) per capi

GDP per capita 2018 1,710.5 (18)

GDP deflator

2018GDP deflator 192.255 (19)
2014 GDHleflator 140.613
2012 GDP deflator 123.721

Kenya shilling to US dollar exchange rat

2017 exchange rate for one dollar 103.2317 KES| (20)
2014 exchange rate for one dollar 90 KES (21)
2012 exchange rate for ordgollar 83 KES (22)

KES; Kenya shillings

Additional file 2able7: Life expectancy values usedaiculation of disability adjusted life years (DAltNa) were obtained
from the Global Health Observatory data reposit¢2g)

Life exectancy | 2018* | 2017* | 2016 | 2015 | 2014 | 2013 | 2012 | 2011 | 2010
<1 year 662 | 661 | 66.7 | 660 | 656 | 653 | 649 | 640 | 629
1-4 years 678 | 67.7 | 682 | 677 | 672 | 670 | 66.7 | 657 | 646
10-14 years 603 | 60.1 | 60.6 | 60.1 | 59.8 | 59.6 | 59.4 | 585 | 575
1519 years 556 | 555 | 559 | 554 | 551 | 550 | 548 | 539 | 53.0
3034 years 425 | 424 | 428 | 423 | 421 | 419 | 417 | 410 | 401
70-74 years 117 | 117 | 117 | 117 | 117 | 117 | 116 | 116 | 114

*Estimated value based on average of three previous years

Additional file Zable 8: Disability adjusted life year (DALY) weights used in economic ofitdeled from the Global Burden of
Disease Study, 20124)

DALY weights Value Additional notes
Influenza cases with mild illness/upper Disability weight for mild upper
respiratory tract infection 0.006 (0.0020.012) | respiratory infection is used
Influenza cases with lower respiratory tract Disability weight for moderate lower
illness that are not hospitalised 0.051(0.0320.074) | respiratory infection is used
Influenza cases with lower respiratory tract Disability weight for severe lower
illness that are hospitalised 0.133 (0.088.19) respiratory infections is used

13




5 Futher information on fitted model

5.1 Fitted periods of influenza activity

Weidentified periods of high influenza activity as >2 successive weeks where the proportion of subtype
specific testpositive cases was greater than the average weekly proportion during the entire study. A
LISNA2R SYyRSR ¢6KSy (KS NShere eNgsoporian ofsRbfypespaOificipdsivd ¢ SS | a
cases was less than the weekly average. In addition, inflypogiéive cases had to be observed in at

least 3 of the 5 surveillance sites so that periods identified were of widespread transmBsiwds

were included if theposterior mean estimate of the net reproduction number at gtart of the

simulation was greater than or equal to 1.

There wee 4 peaks in influenza B activity, 3 peaks in influenza A(H3N2) activity and 2 peaks in influenza
A(HIN1)pdch09 activity. Influenza A(HLN1)pdmO09 data from January 2010 to December 2011 was

excluded from the analysas this coincided with the emergence of the pandeAlElLN1)pdmO%irus.

Influenza B

ﬁhwwﬂﬂwmhmmlﬂw ﬂmﬂj['l]ﬂ» 0l

3

Frequency

Jan 10
Jul 10 -
Jan 12 -
Jul 12 o
Jul 13 -
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Jan 18 —

Influenza A(H3N2)

Frequency

il s ted s ;ﬂL W[L

Influenza A(H1N1)pdm09

1
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Jul 17
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Jul 18
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Jul 16

1
Jul 10
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Jan 13
Jan 15

Frequency
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Jul17
Jul 18 -

1
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Jan 12 |
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Jan 11

Additional file Zigure5: Epidemic curve of modelled peaks in influenza activitpfhyenza subtype and vaccine effectiveness.
Shaded area refers to the identified peaks in influenza activity. Purple shading refers to seasons where the vaccine was wel
matched to the circulatingtrains (vaccine effectivene®sE)= 70%). Orange shading refers to seasons where the vaccine was
poorly matched to circulatmstrains (VE 42%). There was no influenza activityedeed between September 20Migust

2015 and September 204gugust 2017 There was nodsithernHemisphere VHBata available for théd(H3N2) season in June
2018December 2018, so the Northern HemisphéEedata for the 2017 to 2018 period was used.
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5.2 Periods that did not meatiecision rule criteria

The periods listed below hat? successive weeks where the proportion of subtgpecific testpositive
cases was greatehan the average weekly proportion during the entire stubgwever, they diahot
meetthe decision rule criteria because either transmission was recorded ithi@ss3 of the

surveillance sites or the mean net reproduction number at the start of the period was less.than 1

Additional file 2able9: Periods that did not meet decision rule criteria

Period Flu type/subtype
Jan 2010 to Dec 2011 A HIN1pdmO09
Oct 2011 to Dec 2011 A H3N2
Jun 2012 to Sep 2012 B
Sep 2012 to Dec 2012 B
Jan 2015 to Jun 2015 B
Feb 2015 to May 2015 A H3N2
Jun 2015 tdep 2015 A HIN1pdmO09
Sep 2017 to Jun 2018 B

15



5.3 Fit of model to data and distribution of posteriors

5.3.1 InfluenzaB
5.3.1.1 17 September 2010 to 05 August 2011

Transmissibility

2-
A
<
20.0-
0- >
g Posterior
Q N
Prior
8-
10.0
6- =
1
4- <
“1 A
0- 0.0+ 1 U '
0.0 0.1 02 03 04
n v
Basic reproduction number Net reproduction number
1.00-
60-
2- 0.75-
i 5 Z 40
= 2 0.50- g40s
SR 8 a
0.25- 20-
0.00- . ' O 0 0- ' . ' A 0
03 0 5 10 15 0.9 10 11 12 13
\ Vi
Ascertainment probability < 1y Susceptibility <15y
200~
s i 3.0
(‘h %, 50 F
7] @
2 & 100- 5%
<
50- 1.0
0- 0 ' v v ' 0.0~ v '
0.00 001 002 0.03 004 005 0.00 0.25 0.50 0.75 1.00
o0 Ascertainment probability 1-5 y Susceptibility 15-49 y
400
6.0
3 . 300- R
I s 3
B s 2 40
© 2 200~ 2
< o o
= . ——
0+ 7 7 v . . 00
0- x 000 0.01 002 003 004 005 0.00 025 0.50 0.75 1.00
Ascertainment probability 5+ y Susceptibility 50+ y
600 - 30-
g > 400~ >
= Z 400 z20
S & ]
o o
200~ 1.0
0 . . y—d N = [ v v \ 00
Jan 2011 Apr 2011 Jul 2011 0.000 0.005 0.010 0.015 0.020 0.00 0.25 0.50 0.75 1.00

Additional file Zigure6: Inference results for influenza B activity, September 2010 to August 2011.

I. Comparison of the fit of the model to the age specific time series of influenza positive SARI cases detected in the influenza
surveillance system (black dots) with hypergeomeéds% confidence intervalhe mediar{red) and 5Gand 75% credible

intervals (shaded green and blue respectivigtyh the fitted model. II. Transmissibility of the virus. Ill. Basic reproduction
number. IV. Net reproduction number. V. Ascertainmentgiodity in 3 age groups. VI. Susceptibility in 3 age grdapsl to VI

the prior distributionsre in blue and posterior outputs in pink
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53.1.2

12 August 2011 to 16 March 2012
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Additional file Zigure7: Inference results for influenza B activity, August 2011 to March 2012

I. Comparison of the fit of the model to the age specific time series of influenza positive SARI cases detected in the influenza
surveillance system (black dots) with hypergeometric 8&8fidence interval. The median (red) and 50 and 75% credible
intervals (shaded green and blue respectively) from the fitted model. Il. Transmissibility of the virus. Ill. Basiciogproduct
number. IV. Net reproduction number. V. Ascertainment probabili8 age groups. Vusceptibility in 3 age grougsor | to VI

the prior distributionsre in blue and posterior outputs in pink
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5.3.1.3 3 May 2013 to 13 December 2013
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Additional file Zigure8: Inference results for influenza B activity, May to December 2013

I. Comparison of the fit of the model to the age specific time series of influenza positive SARI cases detected in the influenza
surveillance system (black dots) with hypergeometric 95%damde interval. The median (red) and 50 and 75% credible
intervals (shaded green and blue respectively) from the fitted model. Il. Transmissibility of the virus. Ill. Basiciogproduct
number. IV. Net reproduction number. V. Ascertainment probabilByaige groups. VI. Susceptibilitydimge groupskor | to VI

the prior distributionsre in blue and posterior outputs in pink
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5.3.1.4 27 November 2015 to 20 May 2016
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Additional file Zigure9: Inference results for influenza B ady, November 2015 to May 2016

I. Comparison of the fit of the model to the age specific time series of influenza positive SARI cases detected in the influenza
surveillance system (black dots) with hypergeometric 95% confidence interval. The frestjiamd 50 and 75% credible

intervals (shaded green and blue respectively) from the fitted model. Il. Transmissibility of the virus. Ill. Basiciogproduct
number. IV. Net reproduction number. V. Ascertainment probability in 3 age groupastiptibity in 3 age groupg-or | to VI

the prior distributionsare in blue and posterior outputs in pink
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5.3.1.5 1 September 2017 to 22 June 2018

8- Transmissibility
6- 25.0-
1 ;
4- 2
| — = 200-
2-
|
SES S S
0- - = ¢ > 150~
2 Posterior
o I i
- Prior
8 10.0- =
6 -
1
o -
2-
0 el 4
0 1 | 11 0.0~ U i !
b P R - 0.0 0.1 0.2 0.3 04
n v
2- Basic reproduction number Net reproduction number
0.75- 90
D) >
i £ 050-  60-
. oS 2 2
> 3 5
= a a
B | 0.25 30
% u 0.00 - 4 " - 0-; v . ’
04 e e 2 . 0 5 10 09 10 11 12 13
Vi
Susceptibility <15y
3.0
& z
U £20
L
< o
10-
0.0 . .
0- - X . 003 004 005 000 025 050 075  1.00
2- Ascertainment probability 1-5 y Susceptibility 15-49 y
64 50-
5  40-
1 -
5 g 30
< © 20-
1.0
v ' 0.0
0 0.04 0.05 0.00 0.25 0.50 0.75 1.00
. Ascertainment probability 5+ y Susceptibility 50+ y
400 -
‘ig 2 300~
= & 200+
100~
0-
' \ i ' 0 Fi— v v '
Oct 2017 Jan 2018 Apr2018 Jul 2018 0.000 0.005 0010 0015 0.020

Additional file Zigure 10: Inference results on influenza B activity, September 201 ® 20018

I. Comparison of the fit of the model to the age specific time series of influenza positive SARI cases detected in the influenza
surveillance system (black dots) with hypergeometric 95% confidence interval. The median (red) and 50 and 75% credible
intervals (shaded green and blue respectively) from the fitted model. Il. Transmissibility of the virus. Ill. Basiciogproduct
number. IV. Net reproduction number. V. Ascertainment probability in 3 age groupasttptibility in 3 age groug=or | to VI

the prior distributionsare in blue and posterior outputs in pink
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5.3.2 InfluenzaA(H3N2)

5.3.2.1 12 March 2010 to 17 December 2010

Additional file Zigure 11: Inference results for influenza A(H3N2) activity, March to December 2010

I. Comparison of the fit of the model to the age specific time series of influenza positive SARI cases detected in the influenza
surveillance system (black dots) with hypergeom@&&sf confidence interval. The median (red) and 50 and 75% credible
intervals (shaded green and blue respectively) from the fitted model. Il. Transmissibility of the virus. Ill. Basiciogproduct

number. IV. Net reproduction number. V. Ascertainment prdibabi 3 age groups. VI. Susceptibility in 3 age grokps| to VI
the prior distributionsare in blue and posterior outputs in pink
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